Abstract.-To study the lattice instability of IT-TiSe2, phonon dispersion curves are calculated as functions of temperature by taking into account the effective ion-ion interactions caused by electron-lattice interaction. From the standpoint of the softening of phonon frequency we conclude that one of the transverse modes at the L point freezes as the distortion at the phase transition.
Introduction.
Semimetallic IT-TiSe2 transforms at about 200 K into a 2ax2ax2c superlattice structure1 that is described as the condensed state of one of the transverse phonons at the L point in the Brillouin zone (L -(I) mode).
For the formation of the super-1 lattice we have presented a which is based on the band-type Jahn-Teller mechanism, and we have emphasized the role of the electron-lattice interaction.
For several lattice distortions described by wave vectors at the symmetry points in the Brillouin zone we have calculated the generalized electronic susceptibility X, in which the wave number and mode dependences of the electron-lattice interaction are included. We used the electronic band obtained by the tight-binding fit to the Zunger and Freeman's band. 4 We found that the decrease of the electronic energy due -to lattice distortion is the largest for the L1 (1) mode with an amplitude ratio of 3:l for the Ti and Se displacements. This result is consistent with the observation by neutron diffraction.' However, since the phase transition would occur when the decrease of the electronic energy due to the distortion exceeds the increase of the lattice energy, the study of the lattice dynamics is necessary to discuss the phase transition in more detail. In this paper we study the lattice dynamics of IT-TiSe 2 by taking account of the effective ion-ion interactions caused by the electronlattice interaction. We calculate the phonon dispersion curves as functions of temperature and discuss the results in connection with the structural phase transition.
Effective ion-ion interaction caused by electron-lattice interaction.
By using the adiabatic approximation and by calculating the second order perturbation with respect to the electron-lattice interaction, the effective ion-ion inter- 00 :, 500 1000
xYYu 2) The dynamical matrix is assumed to be the sum of the matrix XaB(p~,q) obtained above and the matrix for short-range forces between ion-cores. In the calculation of the phonon dispersion curves, we do not use x of the whole q values but introduce instead long-range forces between ions which reproduce the calculated x at the symmetry points of q=O, l'A, etc. cited above. These forces are found noncentral and temperature-dependent. As for the matrix R we take five short-range 3 potentials $01, $12, @i2, boo, and all and we specify these potentials by several parameters. We determined these parameters so as to get a good fit to the observed transverse phonon frequencies6 at the r, A, M, L points. The phonon dispersion curves calculated at 500 K are shown by solid curves in Fig. 2 . The agreement with the observation is reasonably good. The dotted curves in Fig. 2 show the results for 0 K. As seen from the figure, all frequencies except those of the lowest dis- as lattice distortion at a certain temperature which is found to be 220 K. Fig.2 The transverse phonon dispersion curves. Dots denote experimental data obtained by Wakabayashi e t a1.
